D
ermatomyositis is an autoimmune disease with multiple dermatologic changes, chronic muscle inflammation, proximal muscle weakness and extramuscular manifestations, including interstitial lung disease. Immunologically, there are several autoantibody specificities, each associated with particular clinical features. Incidence of dermatomyositis is 1.0 per 100 000 person-years in British Columbia. 1 Despite the gains in knowledge of dermatomyositis, the overall mortality is still up to sevenfold higher than that of the general population. 2 Additionally, those with dermatomyositis have a substantially increased morbidity when compared with the population at large. 3 The increased risk of malignant disease, 2 cardiovascular events 4 and interstitial lung disease 5 in dermatomyositis is well-established. However, the risk of other comorbidities in dermatomyositis has been overlooked. Although an association with Sjögren syndrome has been shown in other autoimmune diseases, including rheumatoid arthritis, 6 systemic lupus erythematosus 7 and systemic sclerosis, 8 data on Sjögren syndrome in patients with dermatomyositis are sparse and mostly limited to case reports. [9] [10] [11] Both dermatomyositis and Sjögren syndrome share common autoantibodies (e.g., anti-poly(U)-binding-splicing factor, 12 antinuclear antibodies, 13, 14 anti-Sjögren-syndrome-related antigen A [anti-SSA], 13, 15 anti-Sjögren -syndrome-related antigen B [anti-SSB] 13, 16 ) and genetic polymorphisms (e.g., interferon regulatory factor 5 [IRF5 rs4728142]). 17, 18 In addition, patients with Sjögren syndrome have a 4-fold higher mortality, 19 with surviving patients incurring a lifetime of increased medical expenses, among other costs. 20, 21 It is important to gain a more accurate understanding of this increased risk of Sjögren syndrome in dermatomyositis. Although research into dermatomyositis showed sex differences in risk factors, 22 cytokine expression, 23 autoantibodies profile 24 and certain dermatomyositis-related outcomes, 2 it is unknown whether the association with Sjögren syndrome differs among men and women with dermatomyositis.
We undertook this study to determine the incidence of Sjögren syndrome in dermatomyositis when compared with control patients in a general population and examined whether the association between dermatomyositis and Sjögren syndrome varies by sex.
RESEARCH

Sex differential association of dermatomyositis with Sjögren syndrome
Dec. 31, 2011. Each patient was matched to, at most, 5 control patients from the National Health Insurance Research Database by age, sex and entry date. Cox regression was used to calculate the hazard ratio (HR) and 95% confidence interval (CI) of Sjögren syndrome after adjusting for age, sex, rheumatoid arthritis, systemic lupus erythematosus and systemic sclerosis.
RESULTS:
A total of 1602 patients with dermatomyositis and 7981 control patients were enrolled in the study. There was a positive association of having Sjögren syndrome among patients with dermatomyositis after adjusting for age, sex, rheumatoid arthritis, systemic lupus erythematosus and systemic sclerosis (HR 2.67, 95% CI 2.01-3.54). The association was more pronounced in the male cohort (HR 2.69, 95% CI 1.19-6.09).
INTERPRETATION:
We found a sex differential association of Sjögren syndrome among patients with dermatomyositis independent of age and concomitant autoimmune disease. Further studies are required to determine the clinical importance of this association for both outcomes and therapeutic options.
Methods
Data source
In 1995, Taiwan launched the National Health Insurance (NHI) program, with a coverage rate of more than 99.6%. 25 The NHI medical claims database includes data on outpatient, inpatient and dental services. Diseases are classified according to International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9) diagnostic criteria. This study used 2 databases: the National Health Insurance Research Database (NHIRD) and the Registry of Catastrophic Illness. The Registry of Catastrophic Illness is a subpart of the original NHIRD in which patients with catastrophic illness are registered. The NHIRD data set consisted of a randomly selected 1 000 000 patients from all beneficiaries in the original NHIRD. This representative national sample has comparable distribution in age, sex or mean insured payroll-related amount between the claimants in the sampled data and the original NHIRD. 26 Under NHI regulations, insured beneficiaries who have catastrophic diseases, including dermatomyositis and Sjögren syndrome, can apply for registration in the Registry of Catastrophic Illness. If registration is approved, copayment is waived. Patients with dermatomyositis are registered in the Registry of Catastrophic Illness after their cases are reviewed by specialists, based on clinical presentation, laboratory studies, electromyography results, pathologic reports and fulfillment of Bohan and Peter criteria. 27 Registration in the Registry of Catastrophic Illness for Sjögren syndrome is approved based on the 2002 American-European Consensus Group Criteria.
For diagnosis accuracy, a routine peer review is conducted within the Bureau of National Health Insurance. The bureau commissions specialists to regularly review medical records by randomly sampling patient charts and imposes fines for false claims. The NHIRD and the Registry of Catastrophic Illness were the sources of data for the comparison group 28 and for dermatomyositis/Sjögren syndrome, 28, 29 respectively, in previous studies. For patient privacy, the National Health Research Institutes encrypted all personal identification numbers before releasing the data files for research purposes.
Study cohort
From Jan. 1, 1998, to Dec. 31, 2011, all patients with a new diagnosis of dermatomyositis (ICD-9 code 710.3) in the Registry of Catastrophic Illness were identified. 28 Previous studies have validated this approach. 28 The date on which the patients received a diagnosis of dermatomyositis in the Registry of Catastrophic Illness was set as the entry date for the dermatomyositis cohort. Patients younger than 20 years of age or patients with a diagnosis of Sjögren syndrome before or within 1 year of a dermatomyositis diagnosis were excluded. For the control cohort, no more than 5 patients without dermatomyositis were selected from the NHIRD for each corresponding patient with dermatomyositis. The entry dates for the control patients were matched dates on which they used any medical services. The patients in the dermatomyositis and control cohorts were matched for age, sex and entry date under similar exclusion criteria to ensure that the follow-up time was the same at baseline. Patients with follow-up time of less than 1 year were excluded owing to inadequate duration to assess long-term exposure status. 30 
Outcome measure
The Registry of Catastrophic Illness 29 was used to identify patients with Sjögren syndrome (ICD-9 code 710.2). The coding for Sjögren syndrome in the database has been validated. 29 The follow-up end point was either the date of last visit before Dec. 31, 2011, or the diagnosis date of Sjögren syndrome in the Registry of Catastrophic Illness, whichever came first.
Covariate assessment
Rheumatoid arthritis (ICD-9 code 714.0), systemic lupus erythematosus (ICD-9 code 710.0) or systemic sclerosis (ICD-9 code 710.1) 31 often overlaps with Sjögren syndrome. Thus, we obtained data on the respective autoimmune diseases based on the ICD-9 code from the Registry of Catastrophic Illness. Previous studies have used a similar approach.
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Statistical analysis
Because patients with Sjögren syndrome preceding or diagnosed within 1 year after a diagnosis of dermatomyositis were excluded, the first year after entry into the cohort was not counted as followup time. Follow-up time was defined as starting 1 year after a dermatomyositis diagnosis. The follow-up period was calculated from 1 year after cohort entry to the end of follow-up.
We first calculated the incidence of Sjögren syndrome (cases per 1000 person-years) among patients with dermatomyositis and control patients stratified by age and sex, and calculated the ageadjusted standardized incidence ratio (IR) and 95% confidence intervals (CIs) of Sjögren syndrome in the total, male and female populations. Age-adjusted standardized IR is the ratio of the observed cases of Sjögren syndrome among patients with dermatomyositis to the expected cases of Sjögren syndrome among control patients, using the indirect standardization method.
Multivariate Cox regression was used to determine the hazard ratio (HR) of dermatomyositis with 95% CIs after adjusting for age, sex and concomitant autoimmune diseases (rheumatoid arthritis, systemic lupus erythematosus and systemic sclerosis). To assess differences in HR for Sjögren syndrome by sex, a parameter representing interaction between sex and dermatomyositis (i.e., male status × dermatomyositis) was included. The cumulative incidences of Sjögren syndrome among different groups were estimated using Kaplan-Meier analysis, and differences in the full time-to-event distributions between the study groups were compared using log-rank tests. Two-sided p values less than 0.05 were considered significant. All statistical analyses were performed using SAS (version 9.4, SAS Institute).
Ethics approval
This study was exempt from ethics approval by the Institutional Review Board of Kaohsiung Medical University Hospital (KMUHIRB-EXEMPT(I)-20150051).
Results
We selected 1602 patients with dermatomyositis from the Registry of Catastrophic Illness and 7981 control patients from NHIRD. The mean age (± standard deviation) of male patients was 49.45 (± 15.32) years in the dermatomyositis group and 48.45 (± 15.35) years in the control group. The mean age (± standard deviation) of female patients was 47.44 (± 14.37) years in the dermatomyositis group and 46.86 (± 14.09) years in the control group (Table 1) . The age distribution between the two groups was the same in both the male (p = 0.9) and female (p = 0.9) cohorts.
Incidence rate of Sjögren syndrome in dermatomyositis
A total of 266 cases of incidental Sjögren syndrome were identified during the follow-up period, 139 in the dermatomyositis group and 127 in the control group. The incidence rate of Sjögren syndrome was 18.37 cases per 1000 person-years in the dermatomyositis group, compared with 3.11 cases per 1000 person-years in the control group. Age-adjusted standardized IR was 5.92 (95% CI 3.82-9.16) ( Table 2) . When stratified by age, similar trends persisted.
Sex differential incidence rate ratio of Sjögren syndrome
In the male cohort, age-adjusted standardized IR was 12.37 (95% CI 2.68-57.02) ( Table 3 ). In the female cohort, age-adjusted standardized IR was 5.42 (95% CI 3.42-8.57) (Table 4) , lower than that of the male cohort. Consistent trends of a higher incidence rate ratio of Sjögren syndrome in the male cohort than in the female cohort were noted (Table 3 and Table 4 ) when stratified by age.
Interactive effects between dermatomyositis and sex
In the multivariable regression model, dermatomyositis (HR 2.67, 95% CI 2.01-3.54) in addition to rheumatoid arthritis (HR 3.79, 95% CI 2.92-4.92), systemic lupus erythematosus (HR 3.97, 95% CI 2.99-5.28) and systemic sclerosis (HR 1.53, 95% CI 1.03-2.28) was associated with a higher incidence of Sjögren syndrome after adjusting for age, sex and other concomitant autoimmune diseases (rheumatoid arthritis, systemic lupus erythematosus and systemic sclerosis) ( Table 5 ). There appeared to be a significant correlation between Sjögren syndrome and male sex with dermatomyositis, as evidenced by a higher hazard ratio when compared with controls (HR 2.69, 95% CI 1.19-6.09) ( Table 5 ).
Cumulative incidences of Sjögren syndrome
Overall, patients with dermatomyositis had a higher incidence of Sjögren syndrome when compared with the control group (p < 0.001) (data not shown). When stratified by sex, a similar result was seen. The dermatomyositis group was associated with a higher cumulative incidence of Sjögren syndrome than the control group in both men (p < 0.001) and women (p < 0.001) (Figure 1 ).
Interpretation
We have shown a higher incidence of Sjögren syndrome among patients with dermatomyositis than among those without. When stratified by age and sex, similar trends persisted. A history of dermatomyositis was significantly associated with subsequent Sjögren syndrome, even after adjusting for age, sex and concomitant rheumatoid arthritis, systemic lupus erythematosus and systemic sclerosis. There was also a strong interaction between dermatomyositis and being male. Sjögren syndrome has important implications for dermatomyositis patients and the physicians guiding their treatment. Reportedly, phenotypes (e.g., myositis) may be altered in patients with concurrent anti-SSA antibodies, hallmarks of Sjögren syndrome. 13 These alterations include perivascular inflammation, 15 myositis deterioration, malignant disease, 32 left ventricular diastolic dysfunction, 33 interstitial lung disease 34 and death. 32 Sjögren syndrome combined with other autoimmune diseases was associated with increased T-cell activation, 35 Raynaud phenomenon, 36 thyroid disease, 37 cardiac electrical instability 38 and lymphoma, 39 more so than with the respective autoimmune diseases alone. Thus, Sjögren syndrome in dermatomyositis potentially defines a distinct disease subset of dermatomyositis. Considering the substantial risk of Sjögren syndrome in dermatomyositis as shown in this study, studies to clarify whether Sjögren syndrome associated Note: CI = confidence interval. *Numbers of newly diagnosed Sjögren syndrome (incidence rate per 1000 person-years). †The total follow-up period (person-years). Note: CI = confidence interval. *Numbers of newly diagnosed Sjögren syndrome (incidence rate per 1000 person-years). †The total follow-up period (person-years).
with dermatomyositis might have independent prognostic importance are needed. Although we did not explore the mechanism of association between dermatomyositis and Sjögren syndrome, plausible explanations may include shared serological, genetic and autoantibody components, namely interleukin-4 (IL-4), B-cell activating factor (BAFF), IRF5 rs4728142 and anti-SSA. Serum IL-4 is increased in both patients with dermatomyositis 40 and those with Sjögren syndrome, 41 and IL-4 knockout mice lack immune-mediated secretory dysfunction. 42 Moreover, there was increased BAFF in both patients with dermatomyositis 43 and those with Sjögren syndrome. 44 In patients with Sjögren syndrome, BAFF levels correlated with Sjögren syndrome Disease Damage Index. 44 In mice, BAFF overexpression aggravated salivary gland inflammation (sialoadenitis) and increased Sjögren syndrome. 45 Conversely, BAFF receptor blockade decreased autoantibodies and sialoadenitis. 46 Furthermore, the IRF5 rs4728142 variant was associated with both dermatomyositis 17 and Sjögren syndrome. 18 Moreover, dermatomyositis is associated with a high frequency of anti-SSA, 15 which increased risk of Sjögren syndrome. 47 Thus, common cytokines (IL-4, BAFF), gene polymorphism (IRF5 rs4728142) and autoantibodies (anti-SSA) probably underpin the link between dermatomyositis and Sjögren syndrome.
Although the incidence of Sjögren syndrome in this study was higher overall in women than in men, the incidence rate ratio for the male cohort was higher than that of the female cohort. The differential association of Sjögren syndrome between male and female patients with dermatomyositis may be explained by the different pathogenesis of dermatomyositis in the different sexes. Past studies of dermatomyositis showed sex differences in risk factors 22 and autoantibody profiles. 24 Furthermore, genetic studies of pediatric dermatomyositis showed sexual dimorphism in the gene-gene interaction. 48 These data indicated distinct immunopathologic mechanisms of dermatomyositis between men and women. Alternatively, it is also possible that dermatomyositis changes whatever exists in men that protects them from developing Sjögren syndrome. For example, dermatomyositis exerted sex differential effects on expression of S100A4, a protein implicated in inflammatory and autoimmune diseases. 49 Future studies may help address these possibilities.
Strengths and limitations
The population-based nature of the cohort, the sample size from actual clinical settings, and the validated approach to data gathering strengthened the reliability of this study. Misclassification cannot be totally excluded in the administrative databases. However, inclusion of any cases that were not Sjögren syndrome was not differential, and thus would decrease the likelihood that changes in rates would be detected. Therefore, misclassification would bias toward underestimation, rather than overestimation, of the association between dermatomyositis and Sjögren syndrome.
Retrospective cohort study designs raise concerns that differences in delay to diagnosis between patients with dermatomyositis and control patients might play a role in the connection between dermatomyositis and Sjögren syndrome. However, past studies showed similar delays to diagnosis of Sjögren syndrome between patients with and without antecedent autoimmune diseases. 31 Accordingly, differences in delay to diagnosis is unlikely to account for our findings.
Because clinical phenotypes or serologic characteristics of dermatomyositis were unavailable in administrative databases, whether patients with dermatomyositis positive for anti-SSA were those who presented with Sjögren syndrome was unknown. Further investigation to clarify the incidence of Sjögren syndrome in dermatomyositis in regard to phenotypes or serologic characteristics is warranted.
Finally, although patients with Sjögren syndrome had an increased risk of non-Hodgkin lymphoma, 50 administrative data limited our ability to assess whether patients with dermatomyositis and Sjögren syndrome had increased risk of malignant disease, particularly non-Hodgkin lymphoma, and the possible role of anti-transcription intermediary factor 1γ (anti-155/140) antibodies 51 as a serological marker for malignant disease. 52 This question should be addressed by future studies.
Conclusion
This nationwide retrospective cohort study sheds light on the sex differential association of Sjögren syndrome in patients with dermatomyositis. Because treatment in the early phases of Sjögren syndrome shows a better response, 53, 54 early recognition of the condition is important. Future studies should clarify the meaning of Sjögren syndrome in dermatomyositis by investigating the association of Sjögren syndrome to clinical outcomes within a dermatomyositis cohort and identifying the contributions of different autoantibodies to the risks of Sjögren syndrome in these patients. In addition, the relationship between dermatomyositis and Sjögren syndrome could suggest a common pathophysiology in these 2 diseases. Mechanistic studies of sex differential association of dermatomyositis with Sjögren syndrome could provide new targets of therapy.
